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Abstract
Cocaine is derived from the Erythroxylum coca plant, is a highly addictive stimulant
abused all over the world. There are two types of Erythroxylum coca plants that produce cocaine;
the E. Coca and E. Novogranatense. Cocaine exists as the salt, and the freebase which is
typically referred to as “crack” due to the crackling sound it makes when heated. It is popular
because it is inexpensive and easily available on the streets, mainly in poor urban areas. The
purpose of this project was to determine the amount of cocaine that can be extracted from E.coca
and to assess which analytical technique, High Performance Liquid Chromatography or Gas
Chromatography Mass Spectroscopy, is better to quantify the amount extracted. The amount of
cocaine extracted from 3.0g of E.Coca leaves using GCMS and HPLC is, respectively, 3.90 x106

g and 1.53 x10-5g. The limit of detection for both GCMS and HPLC was 0.002µg/mL and

0.004µg/mL respectively, and the limit of quantification was 0.008µg/mL for GCMS and
0.116µg/mL for the HPLC.
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1) Introduction
Cocaine (benzoylmethylecgonine; figure 1) is a highly addictive stimulant drug that is
extracted from the Erythroxylum coca which is a plant native to South America. (Rivier, L.
1981). The coca plant is an integral part of the South American culture where it is consumed as a
tea or chewed with the belief that it has medicinal purposes to aid in Acute Mountain Sickness.
Acute Mountain Sickness is due to the change in the altitude particularly in Peru. (Biondich &
Joslin, 2015) Cocaine is a nonspecific voltage gated sodium channel blocker, a stimulant, an
appetite suppressant, and an anesthesia at low doses. There are two types of cocaine, the freebase
and the HCl salt. The freebase, popularly known as “crack”, is insoluble in water and is typically
made by mixing cocaine HCl with baking soda and water and then heated (typically in a
microwave). The cocaine hydrochloride salt is soluble in water which makes it easily injected or
snorted. When crack is smoked it makes a cracking sound, hence the term “crack cocaine”.
Biologically, cocaine acts as a serotonin–norepinephrine–dopamine reuptake inhibitor, also
known as a triple reuptake inhibitor (TRI). It is addictive because of its effect on the mesolimbic
reward pathway. The mesolimbic reward pathway is a dopaminergic pathway that starts in the
ventral tegmental area (VTA) of the midbrain and is connected to the limbic system via the
nucleus accumbens (reward region), amygdala, hippocampus, and the medial prefrontal cortex. It
is a dangerous Central Nervous System CNS stimulant and with large doses, can cause sudden
cardiac death due to its effect on the sodium channels. The blood brain barrier (BBB) is an active
interface between the CNS and periphery. The BBB is comprised of a several components and is
part of the larger neuro(glio)vascular unit. Psychostimulant drugs as that of, cocaine can alter the
function of the BBB that leads to the neurotoxicities associated with the drug. Cocaine produces
BBB dysfunction via the tight junction protein expression and conformation, increased glial
activation, increased enzyme activation related to BBB cytoskeleton remodeling, and induction
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of neuroinflammatory pathways. (Kousik, S. M., Napier, T. C., & Carvey, P. M. 2012) Short
term use of the drug can cause a sense of euphoria or “high” and an enhanced sense of sight,
sound, and touch. (NIDA. 2016, June 6). Users have reported increased energy and talkativeness.

Figure 1 : structure of cocaine (left) and bupivacaine (right)

There are several ways to administer this drug and the route of administration effects the
time it takes for the user to feel the effects. Three of the more popular ways are snorting,
smoking, and injecting. The intensity is dependent on the route of administration. Intranasal
administration or snorting, when the drug crosses the mucous membrane, can result in a high
lasting about 15-30 min. Smoking allows the smoke to enter the lungs and into the bloodstream
and the effects of the drug can last for up to 5-10min. Intravenous administration or injecting will
quickly release it into the bloodstream allowing the user to get “high” faster. ( NIDA. 2016, June
6)
The purpose of this project was to determine the amount of cocaine that can be extracted
from coca leaves and determine which instrumental technique, HPLC or GCMS is best to
quantify the amount of cocaine extracted. For HPLC analysis, we used bupivacaine as an internal
standard (figure 1). There are two types of Erythroxylum coca plants that produce cocaine; the E.
Coca and E. Novogranatense. Drug lords in Columbia, Peru, Bolivia, and other parts of South
America extract the cocaine from the plants to be sold domestically and internationally. (NIDA.
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2016, June 6) Cocaine content varies depending on the conditions in which the plant is grown.
The amount of sunlight, the weather and altitude, nutrients in the soil, diseases, and water can
affect the amount of cocaine in the plant when it is grown in the wild. The coca plant similar to
any other plant would need the right conditions to thrive. (Johnson, E. 1995).
2) Material and Methods
2-1 Extraction
Extraction of an optimal amount of cocaine is obtained from 7 day old leaves, where
from that point on, the amount of extractable cocaine will decline (Johnson & Emche, 1994). The
leaves in my possession were over 7 days old. In order to avoid loss of the alkaloid during
storage we initially dried the leaves for 2 hrs at 70⁰C and then stored them in a dry place, in a
closed polyethylene bag, to avoid the addition of moisture and placed in a container containing
drierite. 3 g of cocaine leaves were weighed out and grounded with a mortar and pestle. The
grounded leaves were added to a round bottom flask and a 95% ethanol solution was used to
rinse the mortar and pestle. The remaining solution was added to the flask. The ethanol and leaf
mixture was refluxed for 45 min using a preheated sand bath. Once cooled, the mixture was
filtered twice. The filtrate was evaporated on a low heat to remove the ethanol and 60 mL of
chloroform was added and thoroughly stirred. A solution of 2x30 mL of 1.5% (w/v) citric acid
was used for extraction. The chloroform layer was discarded. The aqueous layer pH was adjusted
to 8.2 using sodium carbonate (Na2CO3), then extracted with 2x60 mL of chloroform. The
aqueous layer was discarded. After the chloroform layer was dried using sodium sulfate
(Na2SO4), the solution was poured into a new beaker and evaporated at a low heat. The beaker
was rinsed with water and placed in the fridge. (United Nations Office on Drugs and Crime,
2012).
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Dried leaves (3 g) with refluxed for 45 min in
120 mL of 95.0% ethanol
Cooled and filtered
Saved extracted
leaves
Filtrate was evaporated
Added 60 mL chloroform
Extracted with 2X30 mL 1.5% (w/v) citric acid
Aqueous layer
Adjusted pH to 8.2 with Na2CO3

Discarded chloroform
layer

Extracted with 2x60 ml Chloroform
Chloroform layer
Dried over Na2SO4 then evaporated
Residue
Added distilled water and internal
standards

Discarded aqueous layer

GCMS and
HPLC analysis

Chart 1 Flow chart of the cocaine extraction from E. Coca.

2-2 High Performance Liquid Chromatography protocol
Mobile phase: 75% 0.05M Ammonium Formate pH 2.4, and 25% Acetonitrile, at a flow
rate of 0.8mL/min. The run time was 10 min. Column: DB-5 xbridge C18 5µm 4.65x250mm. An
Agilent 1200 infinity series HPLC with a Diode Array Detector, DAD, was used to monitor
wavelengths at 233 nm, 263 nm, 271 nm, and 275 nm.
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2-3 Gas Chromatography/Mass Spectroscopy protocol
The samples were prepared with 45 µL of 0.0025 M d3-cocaine and 200 µL of cocaine
standard while the extract used 45 µL of d3-cocaine and 200 µL of the extract. The internal
standard was deuterated cocaine, d3-cocaine. Splitless injection, when the entire sample is
injected into the instrument, was utilized. Prior to and after each run the injector was rinsed 6
times with methanol and acetone. The injection port temperature was140°C. The helium flow
rate was 1.04 mL/min, and the run time was 15 min. The initial column oven temperature was
90⁰C and was held for 1 min then increased to 270⁰C (increment of 20⁰C) and held for 5 min. A
DB-5 column was used with a thickness of 0.25µm, 30 m long and 0.25 mm diameter. The
solvent cut time was 3 min and the ion source temperature was 230⁰C. The acquisition start time
was 4 min and end time was 15 min. The instrument was set to a selected-ion monitoring, SIM,
and the following m/z was monitored for cocaine 303 m/z, 198 m/z, and 272 m/z and for d3cocaine 185 m/z was used. Readings were taken every 0.10 sec.
3) Results
The calibration curves figures 21-22 were used to determine the amount extracted. The
amount of cocaine extracted from 3 g of E.Coca leaves yielded 3.90 x10-6g according to the
GCMS calibration curve and 1.53 x10-5g according to the HPLC calibration curve. Used the area
of the cocaine extract as y in the equation, which was obtained from the calibration curve and
solved for x to obtain the concentration, and then converted that to grams.
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3-1 HPLC Data

Figures 2 to 7 show the chromatograms of the co-injection of a known amount of cocaine with
the internal standard bupivacaine. These data were used to establish the HPLC calibration curve.

Table 1 is a summary of the retention times observed for cocaine and bupivacaine according to
the concentration of cocaine when establishing the calibration curve.

Figures 8 and 9 show the chromatogram of the cocaine extract and the UV spectrum of cocaine.

Figures 10 and 11 shows the chromatogram of the co-injection of cocaine extract with cocaine
standard and the UV spectrum of cocaine.

Figures 12 and 13 show the chromatogram of bupivacaine standard and the UV spectrum of
Bupivacaine

Figure 2 0.01ug/mL cocaine standard with Rt 4.235 and internal standard Bupivacaine with Rt 5.241.
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Figure 3 0.02ug/mL cocaine standard with Rt 4.246 and internal standard Bupivacaine with Rt 5.270.

Figure 4 0.03ug/mL cocaine standard with Rt 4.226 and internal standard Bupivacaine with Rt 5.213.
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Figure 5 0.05ug/mL cocaine standard with Rt 4.232 and internal standard Bupivacaine with Rt 5.242

Figure 6 0.005ug/mL cocaine standard with Rt 4.185 and internal standard Bupivacaine with Rt 5.148.
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Figure 7 Cocaine extract with Rt 4.006 and the internal standard Bupivacaine with Rt 5.869.

Table 1 The Rt for the cocaine standard, bupivacaine, and cocaine extract.

Cocaine standard (mg/mL)

Retention Time (min)

0.01
0.02
0.03
0.05
0.005
Cocaine extract

4.235
4.246
4.226
4.232
4.185
4.006

Retention time Bupivacaine
(min)
5.241
5.270
5.213
5.242
5.148
5.869
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Figure 8 Cocaine extract with Rt 3.981.

Figure 9 UV spectrum of the cocaine extract.

10

Figure 10 Co-injection of cocaine standard and cocaine extract Rt of 3.974.

Figure 11 UV spectrum for the co-injection of the cocaine standard and cocaine extract
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Figure 12 The internal standard Bupivacaine with Rt 5.724

Figure 13 UV spectrum for Bupivicaine.
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3-2 GCMS data

Figures 14 to 18 show the chromatogram of cocaine standard at various concentrations. These
data were used to establish the GCMS calibration curve.

Figure 19-20 show the chromatograms of cocaine extract and d3-cocaine.

Figure 14 Chromatogram of 0.01M cocaine standard and d3-cocaine with an Rt 10.806

Figure 15 Chromatogram of 0.02M cocaine standard and d3-cocaine with an Rt 10.806
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Figure 16 Chromatogram of 0.005M cocaine standard and d3-cocaine with an Rt 10.807

Figure 17 Chromatogram of 0.0025M cocaine standard and d3-cocaine with an Rt 10.807

Figure 18 Chromatogram of 0.00125M cocaine standard and d3-cocaine with an Rt 10.807
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Figure 19 Chromatogram of cocaine extract

Figure 20 Chromatogram of d3-cocaine
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3-3 Calibration curves (Figures 21 and 22)

Figure 21 Calibration curve used to determine that the amount of cocaine extracted.

Figure 22 Calibration curve used to determine that the amount of cocaine the extracted.
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4) Discussion
Two methods of instrumental analysis were utilized; high performance liquid
chromatography (HPLC) and gas chromatography mass spectroscopy (GCMS) to quantify the
amount of cocaine present in E. Coca leaves from Colombia.
HPLC: Chromatography is an analytical separation technique. Heat and pressure are
used to separate the components and the result is a chromatogram containing the retention time
(Rt). The Rt is the time it takes for the analyte to elute from the time of injection to the
appearance of the peak. The mobile phase is the solvent that travels through the column. Reverse
phase chromatography was used (C-18 column), where the column is non-polar and the mobile
phase is polar. Each sample was ran four times so that if one sample gave significantly different
results from the other three, the result of that run was eliminated. The mobile phase was 75%
0.05 M Ammonium Formate pH 2.4 and 25% Acetonitrile, at a flow rate of 0.8 mL/min. Run
time was 10 min. The components were separated by the interaction between the eluent and the
column packing. 80 µL were injected for each run. In figures 9 and 13 the peak at 245nm is the
solvent. Figure 9 shows the UV spectrum of the cocaine extract with λmax absorptions at and 275
nm. The UV spectrum of bupivacaine is displayed in figure 13 and shows λmax absorption at 263
nm and cocaine at 275 nm.
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The table below (table 2) indicates the variation on retention times for the cocaine
standard and the bupivacaine at different concentrations as well as the retention time for the coinjection of the cocaine extract and the cocaine standard.
Table 2 Retention times for the cocaine standards and cocaine extract.

Concentration (μg/mL)
0.01
0.02
0.03
0.05
0.005
Cocaine extract with Internal
standard
Co-injection of Cocaine and
Cocaine standard

Cocaine standard
4.235
4.246
4.226
4.232
4.185
4.006

Retention Time (min)
Bupivacaine
5.241
5.270
5.213
5.242
5.148
5.869

3.981

GC/MS: GCMS uses a gas chromatograph and a mass spectrometer. Gas Chromatography is a
separation method that uses a gas mobile phase to carry the analyte along a column. The mobile
phase is Helium gas that flows through a DB-5 column. Gas Chromatography Mass
Spectroscopy is a tandem of two instruments, utilizing the separation capabilities of gas
chromatography and the identification aspect of mass spectroscopy. The GC separates the
components based on the polarity; the more polar analyte will elute first and the less polar
samples will elute later. Elution is the time an analyte takes from injection to the moment of
detection. Deuterated cocaine was selected because it is chemically similar to undeuterated
cocaine, however, deuterated cocaine is heavier than cocaine (due to the presence of deuteriums
instead of protiums) and this fact allows for the identification of the 2 compounds by Mass
spectroscopy. Smith, F. P. (2004). Figures 14-18 show the chromatograms of the cocaine
standards with the internal standard d3-cocaine. Single Ion Monitoring (SIM) was used and the
instrument was set to only scan for the previously stated selected ions.
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LOD and LOQ calculations: The r-squared is the coefficient of determination which is a
statistical measurement of how the regression line fits with the data points. An r-squared of 1 is a
regression line that fits the data perfectly, if it is close to 1 then it can be said that the data points
are close to the line. The r-squared for the GCMS calibration curve is 0.9964 and HPLC is
0.9998. Both r-squared indicate that the regression lines for GCMS and HPLC fit the data point
well.

Equation 1 R-squared equation

Equation 2 Regression line equation

For each calibration curve, the regression line from the calibration curves and the standard
deviation of low concentration can be used to calculate the Limit Of Detection (LOD) and Limit
Of Quantitation (LOQ). The limit of detection (LOD) is the lowest amount of the analyte that
can be distinguished from zero and be identified. The limit of quantification (LOQ) is the limit at
which the lowest amount of the analyte can be quantified with accuracy and precision.
(Shrivastava, A., & Gupta, V. 2011)
Regression line equations: For HPLC: y=0.3059x; For GCMS: y=80.242x-0.024.
The detection limit (LOD) may be expressed as: 3*(Standard deviation of low concentration)/
(slope of the calibration curve)
The quantitation limit (LOQ) may be expressed as: 10*(Standard deviation of low
concentration)/ (slope of the calibration curve) (Shrivastava, A., & Gupta, V. 2011)
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The LOD and LOQ for the HPLC data are stated in tables 3. They are respectively 0.004µg/mL
and 0.116µg/mL. The LOD and LOQ for the GCMS data are stated in table 4. They are
respectively 0.003µg/mL and 0.008µg/mL.
Table 3 The Limit of detection and the Limit of Quantification of the HPLC data

Slope

0.3059

Standard Error on intercept

1.591

Standard Deviation of intercept

3.557

LOD

0.004µg/mL

LOQ
√N

2.236

Table 4 The Limit of detection and the Limit of Quantification of the GCMS data

Slope

80.242

Standard Error on intercept

0.029

Standard Deviation of intercept

0.065
0.002µg/mL

LOD
LOQ
√N

0.008µg/mL
2.236
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The table below compares both GCMS and HPLC analytical techniques:
Table 5 Comparison of Gas Chromatography Mass Spectroscopy and High Performance - Liquid Chromatography

GCMS
 Constant peak shape and width
 LOD of 0.002µg/mL
 LOQ of 0.008µg/mL
 Can set to not read the solvent front
 Quickly analyze data
 Destructive
 SIM (selected ion monitoring) –Only the

HPLC









compounds with the selected m/z are
detected and plotted, so eliminates
possibly detecting an impurity
 Fragmentation resulting in a large




Fast analysis
LOD of 0.004µg/mL
LOQ of 0.116µg/ml
Non destructive
Good separation technique
o can experience co-elution (when
analytes elute at the same time)
Temperature ramping
DAD (diode array detector)- provides
UV spectral information using BeerLambert Law
Wavelength range of 190 - 600nm
Allows some selectivity with the target
range

number of peaks aiding in the
identification of the analyte
 Good separation technique
 Advantage is the use of the GC
separation abilities coupled with the MS
to provide structural information

5) Conclusion
The LOD for HPLC was 0.004µg/mL and the LOQ was 0.116µg/mL. The LOD for
GMCS was 0.0025µg/mL and the LOQ was 0.008µg/mL. The LOQ should be greater than the
LOD as the detection limit should be lower than the limit of quantification, so the amount of the
analyte present can be determined and identified correctly. The calibration curve for the HPLC
has a higher r-square than the calibration curve for GCMS, although GCMS has a lower LOD
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and LOQ when compared to the HPLC, meaning it is more sensitive. Both methods are strong
techniques for analyzing cocaine. They both provided a fast analysis of cocaine. An advantage of
the GCMS was the SIM (single ion monitoring) setting that allowed the ability to only look at
the selected ions for cocaine and eliminated the detection of other derivatives of cocaine that can
be formed during the extraction, hence identifying/targeting cocaine exclusively. The HPLC had
temperature ramping which prevents co-elution with unwanted species. The measured amount of
cocaine extracted from 3.0g of E.Coca leaves using GCMS and HPLC respectively was 3.90
x10-6g and 1.53 x10-5g.
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